Abstract
Introduction
Dietary proteins are known to carry a wide range of nutritional and biological properties. The proteins are source of energy and peptides. The structural and chemical changes occurring during the protein processing leads to release of various bioactive peptides. These molecules could be potentially employed in health and food products. Such bioactive peptide fragments originating from milk protein casein by enzymatic proteolysis should be taken into account as potential modulator of various regulatory processes in the body (Koprhonen and Pihlanto, 2006) . These biological activities include antioxidant, opioid agonist and antagonist peptides, hypotensive peptides (which inhibit angiotensin-1 converting enzyme), mineral binding, immunomodulatory, antibacterial, anti-inflammatory, antiulcer and antithrombotic peptides (FitzGerald and Meisel, 2003; Korhonen and Pihlanto, 2003) . Out of these activities the antihyperytensive peptides gained importance for further utilization because of their immense implications in various areas of food science and nutrition. Further the antioxidant, antihypertensive and antibacterial activity of chemically synthesized bioactive peptides derived from Bovine & Ovine casein hyrdolysates were already studied (Recico et al., 2007) . There is significant data available about the antihypertensive and immunomodulatory activity of bovine (Deepthi and Tandon, 2003) (Mao et al., 2007) and immunomodulatory property (Mao et al., 2006) were studied till date. Keeping in view of these facts, the present study was designed to investigate the antihypertensive effect of yak caseinate hydrolysates with particular reference to effect of degree of hydrolysis.
Materials and Method
Isolation of casein: Raw yak milk was procured from the higher riches of Himalaya (Uttarakhand). Casein was prepared from the collected milk by isoelectric precipitation method. Immediately after collection, milk was defatted by centrifuging twice at 5000 g for 20 min at 4˚C in a refrigerated centrifuge. The milk was filtered via four layers of cheese cloth and fat separated was discarded. The filtrate was diluted with equal volume of double distilled water (DDW); pH adjusted to 4.6 with 1N HCl and the mixture was stirred for 30 minutes. The precipitate so formed was separated by filtration through four layers of cheese cloth, washed, solubilized in distilled water at pH 7.0 (equal to initial volume of milk) with 1N NaOH, reprecipitated and washed 3-4 times with distilled water. The wet casein, after thorough washing with distilled water, was air-dried by spreading on a sheet of filter paper at room temperature. The concentration of protein in the prepared casein was estimated by using the method of Lowry et al. (1951) .
Hydrolysis of casein: Casein prepared isoelectrically was treated with three different enzymes according to the method of Abubakar et al. (1998) and Pihlanto-Leppala et al. (2002) with some modifications, under conditions as given in the Table 1 for 30 min., 60 min., 90 min. and 120 min. of incubation. sample, B is the absorbance without ACE, and C is absorbance in the presence of both ACE and sample.
Results and Discussion
The total protein content of casein was estimated by Lowry's method was found to be 220ug/0.01ml of sodium caseinate [containing 3gm casein/50ml of distilled water]. Degree of hydrolysis was determined by quantification of protein in these hydrolysates. The higher the DH, the higher the content of released amino groups. DH is reported to affect the biological activity of protein hydrolysates. Therefore, the biological activity of peptides depends on the protein substrate, enzyme specificity, and hydrolysis conditions (Sarmadi & Ismail, 2010; Hogan et al, 2009 & Zhang et al, 2010 . Degree of hydrolysis found maximum with pepsin treatment (Table 2 (a) ). This shows that pepsin utilized more protein as substrate to cause hydrolysis as compared to trypsin (Table 2 (b)) and chymotrypsin (Table 2 (c)). Treatment with chymotrypsin yields minimum DH indicating that yak casein is most resistant to this enzyme. 
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The renin-angiotensin system plays an important role in regulating arterial pressure. Within this system, ACE catalyzes the conversion of angiotensin I to angiotensin II, which is a potent vasoconstrictor; in addition, ACE degrades the vasodilator peptide bradykinin. Thus ACE inhibitors might potentially lower hypertension, and are believed to be useful in prevention and/or treatment of cardiovascular diseases (FitzGerald et al, 2004) . Proteolytic enzymes have been successfully used to generate ACE-inhibitory peptides from food proteins, including caseins (Srinivas & Prakash, 2010; Jiang et al, 2007; Contreras et al, 2009 and Zhu et al, 2010) .
The ACE inhibitory effect goes on increasing with the incubation time in case of all the enzyme hydrolysates and becomes maximum at 2hours of incubation (Table 3) . Similar trends were reported for different protein hydrolysates, indicating that there is an optimal hydrolysis time or degree of hydrolysis and, as the hydrolysis time progressed, the ACE inhibitory peptides were hydrolyzed to produce inactive peptides or amino acids (Zhu et al, 2010) . The ACEinhibitory activity of non-hydrolyzed yak milk casein was shown to be low (<5% inhibition), and protein hydrolysis with Neutrase and Alcalase resulted in the enhancement of ACE inhibition (around 70-80% inhibition), particularly in the first two hours of hydrolysis, remaining stable at higher hydrolysis times (Jiang et al, 2007) .
